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The temporal and spatial variations in the water quality of
Indus Basin (57.95 km2) in the north-eastern part of the New Terri-
tories were studied between April 1979 and March 1980. The catchment
is underlain by a fine welded volcanic tuff that weathers to form
red krasnosem abundant in kaolinite. In addition to natural
vegetation, the catchment is also used for various human activities,
including cultivation, pig and poultry raising, residential, industrial
and commercial activities. A total of 662 water samples were collected
and analyzed for the concentrations of the major cations and anions,
nutrients, heavy metals and dissolved oxygen.
The analytical results indicate that the river water of
River Indus is slightly acidic with Na, HCO3 and Cl as the dominant
ions. Headwater streams in the study basin carry relatively few
solutes, the major ones being Na, Ca, HCO3 and Cl which are largely
derived from chemical weathering of rocks and partly from rain water.
Lowland streams are grossly polluted by the major cations (Na, Ca,
K, Mg), the major anions (HCO3, Cl) and the nutrients (NH4, PO4).
Comparison of the water quality of River Indus of the present
study with that in 1973 indicates that significant deterioration has
been taken place during these seven years. Of particular concern
was the significant increase in NH.-N which was a clear indication
of the increase in faecal pollution.
During the study period, the magnitude of seasonal variation
in water quality was smaller in the headwater station than in the
lowland station, especially with reference to conductivity, major
cations (Na K), major anions (HCO3, Cl) and nutrients (NH4, PO4, S).
The great seasonal variations in the lowland station were found to be
related to fluctuations in river discharge. River discharge and
antecedent precipitation index could together explain over 60% of the
total variations of conductivity, and concentrations of Na, K, NH4,
HCO3, Cl, PO4 and NO3.
Water quality in the study catchment shows a distinct spatial
pattern. The upper course was clean throughout the whole year, the
middle course was slightly polluted in the wet season but grossly
polluted in the dry season, and the lower course was grossly polluted
throughout the year. With the exception of dissolved oxygen, most
solutes exhibited a longitudinal trend of increasing concentration
downstream. Amongst the solutes, the nutrients exhibited a greater
rate of downstream increase than the others. The spatial variations
in water quality in the study catchment were found to be related to
the type and intensity of human activities. Results of a correlation
analysis indicate that decrease in the natural vegetation cover, or
increase in the agricultural, residential, commercial and industrial
activities, is associated with the increase in nutrients and decrease
in dissolved oxygen in water. The analysis also suggests that the
effects of industrial and commercial activities were greater than
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River Indus in the north-eastern part of the New Territories
is one of the larger rivers in Hong Kong. This survey was carried
out in the River Indus basin from April 1979 to March 1980 with the
following objectives:
(1) to examine the chemical characteristics of the water of
River Indus
(2) to study the spatial and temporal variations in the river
water quality and
(3) to study the relationship between the river water quality
and land use.
1.2 Significance
Fresh water is a very scarce resource in Hong Kong. To make
the ends meet, the Government of Hong Kong has been trying very hard
to increase the fresh water supply by various means, including pumping
fresh water from rivers and wells, constructing catchwater channels
and tunnels to intercept surface and stream runoff, desalinating sea
water and the massive transferring of fresh water from Mainland China
through an intricate network of pipes, canals and tunnels.
River Indus has been one of the sources of fresh water supply
in Hong Kong. Not only is the water used by people living along the
course of River Indus for domestic and agricultural uses, it is also
pumped from the lower course of the stream, conveyed to the Plover
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Cove Reservoir, and subsequently delivered through the water distri-
bution network to urban dwellers (Figure 1.1). River Indus contributed
to about five to ten percent of the total fresh water supply in Hong
Kong in the sixties (Table 1.1) but only about one to four percent in
the seventies.
The decline in the amount of water abstracted from River Indus
is the result of a marked deterioration in the water quality brought
about by rapid development in the drainage basin which produces large
amount of domestic, agricultural and industrial wastes and effluents.
One of the adverse effects of water deterioration is the decrease of
the utility of the water. Many local residents have given up using
the river water for domestic purposes. Moreover, the amount of water
pumped from the River Indus has been cut drastically in the past few
years (Table 1.1). The decrease in the water yield from the River
Indus has left Hong Kong-no option but to rely on the cost intensive
desalter and space intensive reservoir catchment for water supply.
In spite of the significance of River Indus as a source of
fresh water supply for the local residents and for those living in
urban Hong Kong, there has not been too much research done on the
quality of the water of the river. Although since the operation of
the Shek Pi Tau Pumping Station (Figure 1.1), the Water Supply Division
has been analyzing the water quality of River Indus near the pumping
station and similarly, after the construction of the Shek Wu Hui
Pilot Sewage Treatment Plant at the lower course of River Indus
(Figure 1.1), the Drainage Works Division has also been monitoring
the water quality the sampling schemes adopted by these two govern-
mental departments are rather similar- only less than ten water
samples are collected by these two departments at the lower course
of River Indus at bi-weekly intervals. Since the sampling locations
Figure 1.1 Location of the catchment of River Indus and water distribution network
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TABLE 1.1
WATER PUMPED FROM RIVER INDUS FOR DOMESTIC CONSUMPTION
(1963- 1979)
Percent of the totalWater PumpedWater Year


















SOURCE: Hong Kong Public Works Department, Annual Reports. (1966- 1980)
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are only clustered in the lower course of River Indus, the picture of
water quality of the whole drainage basin of River Indus is far from
being complete.
In the winter of 1972-1973, Binnie Partners (1974) carried
out a survey of stream pollution in the New Territories of Hong Kong
for the government. They collected and analyzed 8S water samples
from the lower and middle courses of River Indus and its tributaries.
However, this survey was only carried out in the winter months.
Furthermore, it was done almost ten years ago, and it is time to
assess what changes have taken place. The present study thus aims
at providing a more complete picture of the water quality of River
Indus.
The significance of the present study is not only confined to
the revealing of the water pollution situation in the north-eastern
part of the New Territories. River Indus is just one of the many
grossly polluted streams in the New Territories following the rapid
development of the countryside in recent years. Stream pollution in
the New Territories can have many adverse effects. Health risks and
the loss of aesthetic values are not less undesirable than the reduc-
tion of fresh water supply. A study of the case of River Indus in
detail can thus throw some light on the overall stream pollution
situation in the New Territories.
1.3 River Water Quality
The quality of water flowing past a given point on a river
reflects the conditions prevailing in the catchment above that point
(Douglas, 1972). While geological conditions, particularly lithology,
will exert a primary influence on the quality of water, other
influences, such as climate, topography, rain chemistry, vegetation
and other biological processes, may also affect the water quality.
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For example, Johnson and Reynolds (1977) have shown that the chemical
character of headwater streams in Vermont and New Hamsphire is pri-
marily determined by the geological characteristics of the bedrocks.
In fact, the dissolved constituents in water are mainly derived from
the mechanical and chemical weathering of rocks, which is controlled
by many interrelated factors, including climate, geology, topography,
biological processes and time. Since climate determined the world-
wide variations of rock weathering, it may be expected that world-wide
variations of river water quality will be mainly related to climate.
This is supported by the studies of water quality carried out in many
different areas (Douglas, 1972).
In addition, changes of river water quality can also be induced
by human activities through the modification of the hydrological cycle
and the disposal of wastes into the water. The Hubbard Brook Experi-
ment has demonstrated that deforestation can lead to large increases
in concentrations of major ions as well as the turbidity of stream
water (Likens et al., 1970). Many recent studies have also shown that
the increases of concentrations of nitrogen, phosphorus and the
biochemical oxygen demand in streams can be caused by farming acti-
vities, especially by the application of chemical fertilizers (Lunin,
1971 Miller et al., 1977 Menzel, 1978 and Nicholaichuk, 1978),
and the keeping of livestocks (Lunin, 1971). Similarly, urban runoff
is also the source of many pollutants in river water (Angino et al.,
1972 Cherkauer, 1975 Cordery, 1977 Whipple et al., 1978 and
Daniel et al., 1979).
River water quality at a particular station along the river
also varies with time. It has been widely reported in the literature
that falls in solute concentrations are usually associated with the
rise of stream discharge as a result of heavy rainfall or snow melt
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(Douglas, 1972). Conversely, solute concentrations may rise during
the low-water period.
River water quality in.the Indus Basin also varies in space
and time. Since the geology and climate over the Indus Basin are
more or less uniform, variations of river water quality in space is
therefore a reflection of different types of land uses in the basin
which vary from natural woodland, cultivated fields, pig and poultry
farms to human settlements. In the upper course of the Indus Basin,
the river water quality depends mainly on the characteristics of the
weathered mantle and the nature of rain. However, the river water
quality in the lower course is modified by the activities of man.
The temporal variations in the river water quality of River Indus are
results of the changing hydrological conditions throughout the year.
1.4 Scope of Study
In the present study, spatial and temporal variations in the
river water quality and the factors leading to such variations were
studied. The study period was one year so that the water quality in
different periods of the year could-be examined. To study the spatial
variations in the river water quality, water samples collected at 106
sampling sites along the upper, middle and lower courses of River
Indus were chemically analyzed and correlated with the different
land use activities. To study the seasonal variations in the river
water quality, sampling was repeated once a month at 34 sampling sites
throughout the study period-and the quality of water samples was
correlated with water discharge and other parameters.
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PHYSICAL ENVIRONMENT OF THE STUDY AREA
2. 1 Location
River Indus runs on the Sheung Shui Plain (22°30'N 114°7'E)
in the north-easten part of the New Territories (Figure 1.1) and is
one of the several tributaries of Sham Chun River, which forms the
boundary between Hong Kong and Mainland China.
River Indus drains an area of 57.95 km2, and is comprised of
five major tributaries, namely Beas, Sutlej, Chenab, Jhelum and an
unnamed channel, known as Lung in this study (Figure 2.1).
2.2 Geology
The bed rocks of River Indus are predominantly fine welded
tuff of Repulse Bay Formation -(RBA (Figure 2.2) of middle Jurassic
age (Allen and Stephens, 1971). The fine welded tuff is usually
white, creamy-grey or pale green in colour and very fine-grained.
A few crystals of quartz, 1-mm or less in diameter, are always
visible in hand specimens, and there are usually some small lapilli
of cherty rock. The quartz crystals can be 5 mm long and constitute
about 30% of the rock. The matrix is microcrystalline and predomi-
nantly quartz-feldspathic. Pyrite is a common accessory mineral.
The welded tuff in the study area was previously mapped as
part of the Tai Mo Shan Porphyry formation made up of acidic
intrusive porphyritic rocks (Davis, 1953). The Tai Mo Shan Porphyry
had been studied in detail by Davis, both in terms of its petrographic
(Table 2.1) and also of its chemical compositions (Table 2.2).
Figure 2.1 Topographic map of the River Indus drainage basin
Figure 2.2 Geological map of the River Indus drainage basin
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TABLE 2. 1
PETROGRAPHIC COMPOSITION OF TAI MO SHAN PORPHYRY*
PERCENTCHEMICAL COMPOSITION
2 0. 6 4Si 0 2Quartz
23.91KAlSi 3 0 8Orthoclase
28.82NaAlSi 3 0 8Albite
11.12CaAl 2 Si 2 0 8Anorthite
3. 35CaMgSi 2 0 6Diopside
10.65(Mg,Fe)Si O 3Hypersthene
0.23




Apatite Ca 5 F (P0 4) 3
99.85
TOTAL
SOURCE: Davis, S.G. (1953)
Equivalent to Repulse Bay Welded Tuff (RBp) as mappeu uy
Allen & Stephen (1971).
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TABLE 2.2
CHEMICAL COMPOSITION OF "TAI MO SHAN PORPHYRY"*

















SOURCE: Davis, S.G. (1953)
* Equivalent to Repulse Bay Welded Tuff (RBp) as incippeu uy
Allen & Stephen (1971).
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The welded tuff is easily weathered. Plagioclase and pyro-
xenes are the first two minerals altered, followed by orthoclase and
the accessory minerals. The ultimate product of weathering is a
clayey silt abundant in kaolinite (Lumb, 1975). Table 2.2 shows that
in the process of chemical decomposition, there is an increase in the
proportion of Al 2 0 3 and Fe 2 0 3, and a loss of Si0 2 as well as Na, Ca,
K and Mg ions. This weathering process is known as,laterization,
which takes place in humid tropical environments with unhindered
drainage conditions. The result of laterization is the accumulation
of hydroxides of aluminium and iron in the upper zones of the weathered
profile, producing a reddish-brown colour and the leaching of silica
as well as alkali and alkaline ions, which end up in being carried
in the stream runoff.
In a further attempt to assess the release of solutes in the
process of weathering, the relative mobility of elements is calculated.
Estimates of the relative mobility have been attempted by various
workers and the calculation method proposed by Hariss Adams (1966)
was adopted in this study, in which, the chemical composition of the
unweathered rock is compared with its weathered equivalent. Based
on the ratio of the concentration of each element in the advanced
weathering products to the concentration of that element in the fresh
welded tuff (Table 2.2), the relative mobility of elements was found
to be:
Na>Ca>K>Mg>Si>A1
This sequence is slightly different to that of the relative
mobility of elements in the weathering of granite in Hong Kong (Lam,
1974), which is:
Ca >Na >K >Mg >Si >Al
The data of Table 2.2 suggest that, in the process of weathering
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of welded tuff, Na and Ca are the two most mobile elements, and Al
the least. K. Mg and Si show an intermediate mobility.
2.3 Topography
The drainage basin of River Indus is surrounded by a series
of hills, rising to altitudes ranging from 400 to 600 metres (Figure
2.1). The longitudinal profile of River Indus is concave in form.
At the altitude of over 200 metres, the river flows on steep and
rugged slopes with a gradient varying from 15° to 25°. Between the
altitude of 100 and 200 metres, the river gradient is smaller and
varies from 5° to 150. Below the altitude of 100 metres, the river
gradient becomes gentle and is usually less than S. On the level
plain, with altitude below 20 metres, the river gradient is very
gentle and is usually less than 10
The width and depth of the river channel in the upper course
are less than two and -one metre respectively. However, the river
channel in the lower course is wider and the width can vary from
several metres to over 30 metres. The depth of the river in the
lower course varies and depends very much on the river discharge.
The depth of the river water may rise to over five metres after a
heavy rain-storm, but it can also drop to below one metre in low
flow period.
Figure 2.1 shows that the alluvial plain is dotted with
numerous small settlements and two large towns, namely Shek Wu Hui
and Luen Wo Market. These settlements are the major sources of
liquid and solid wastes discharged into the river. Because of the
gentle river gradient, the solid wastes dumped into the river channel
can stay at where they were dumped for a few months in the dry winter




Situated on the S.E. coast of China, Hong Kong experiences
a humid monsoonal climate. The monthly normals of temperature,
rainfall and evaporation are shown in Figure 2.3.
The seasons of Hong Kong are controlled by the heating and
cooling of the great adjacent Asiatic landmass. The day-to-day
weather is, however, influenced by both tropical and temperate-
latitude disturbances.
The temperature of Hong Kong ranges from about 15°C in
February to about 28°C in July. Afternoon temperatures are usually
5°C higher than the coldest period during the night.
The mean annual rainfall in Hong Kong ranges from 1237.6 mm
at Waglan Island, a small island at the southern tip of Hong Kong,
to 3040.7 mm at Tai Mo Shan, the highest peak of the colony. The
average annual rainfall recorded at the Royal Observatory of Hong
Kong is 2246.4 mm. Summer is the rainy season and the six winter
months from October to March yield less than 1S% of the annual total.
Monthly variations of rainfall are controlled by the monsoons
and depend greatly on the properties of air streams covering the
South China coast (Chin, 1971). A large percentage of the total
rainfall for each month is produced by a few rainy days. Local
heating only plays a minor role in causing rain. Torrential rains
are always associated with weather disturbances on a synoptic scale,
such as tropical cyclones and troughs (Bell F1 Chin, 1968). Chin
(1971) reported that 24% of the annual rainfall total is contributed
by the tropical cyclones and 42% by troughs.
2.5 River Runoff
The government operates two gauging stations in the inaus



























Figure 2.3Monthly mean air temperature monthly tatal rainfall
monthly total evaparation of Hong Kong
monthly normals for the 30 years 1947 - 1976
Source: Royal Obeservatory. Hong Kong.
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and Shek Pi Tau, are 5.02 and 27.92 km- in area respectively. Catch-
ment Hok Tau is wooded and is part of Catchment Shek Pi Tau., which
occupies half of the drainage area of the basin under study.
Because of the inaccuracy in stream flow measurements at Shek
Pi Tau before 1974 (Hong Kong Government, 1979), Catchment Shek Pi Tau
will not be investigated. In the present study,, the annual and monthly
runoffs of Catchment Hok Tau are studied. The annual depth of the
runoff from Catchment Hok Tau ranges from 439 to 2315 mm, with a mean
of 1672 mm and a coefficient of variation of 34% (Table 2.3). The
variability of annual streamflow is larger than that of rainfall (22%)
(Table 2.4) measured at Tai Lung Farm (Figure 2.1). It is because at
times of abundant rainfall, excess of water is discharged into the
rivers, but during dry periods, evapo-transpiration of the forest will
limit the streamflow (Lam, 1974).
Over the period from 1962 to 1976, surface runoff from the
Hok Tau Catchment was only 78% of the rainfall. Monthly runoff from
Catchment Hok Tau (Table 2.3) follows the monthly precipitation
(Table 2.4) closely, with the peak in August and the minimum in March.
The amount of runoff in winter is only one tenth or less of that in
summer. Because of the low river flow, a greater amount of wastes is
accumulated in the river channels in the dry winter season. The
monthly coefficient of variation of runoff (Table 2.3) ranges from
13.7% in May, the first rainy month in the year, to 34% in February.t'
This reflects the variable nature of rainfall (Table 2.4) and is a
result of the seasonality of the Hong Kong climate.
2.6 Rainfall and Runoff During Study Period
This study covered the period from April 1979 to March 1980.
Daily rainfall as measured at Tai Lung Farm and the Peak daily stream
discharge measured at Shek Pi Tau over the study period are portrayed
ABLE 2








































































































































































































































SOURCE: H.K. Government- Honq Konq Rainfall and Runoff
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TABLE 2. 4
















SOURCE: H.K. Government- Hong Kong Rainfall and Runoff
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in Figure 2.4.
Figure 2.4 exhibits the typical Hong Kong rainfall pattern
with six wet summer months (April to September) and six dry winter
Months (October to March). It can be seen that out of a total 366
days, 92 receive 1 mm of rainfall or more. The total rainfall of the
study period was 2081.3 mm, slightly less than the long term mean
annual rainfall (Table 2.5). July and August were the two wettest
months. There was one month, October 1979, with only a trace of
rainfall (Figure 2.4). Rainfall in the six wet months in the study
period was 1831.9 mm, which contributed to 88% of the annual total.
This large amount of rainfall was brought about by the frontal acti-
vities, troughs of low pressure from April.to early June, and six
tropical cyclones from July to September.
Table 2.5 compares the monthly rainfall during the study
period with the long-term values. It can be seen that monthly rain-
fall amounts of five months (April, July and August in 1979 and
February and March in 1980) were well above the long-term mean figures.
For the other months, monthly rainfall amounts were all below the
long-term mean figures.
The peak daily discharge from the Catchment Shek Pi Tau
(Figure 2.4) varied considerably following the pattern of the daily
rainfall. The flood peaks usually occurred on days of heavy rains,
while low flow conditions were prevalent in the dry season. The
highest peak daily discharge of the study was recorded on 23 September
1979, when the severe Tropical Storm Mac brought heavy rain to the
catchment (the Royal Observatory recorded a total rainfall of about
202 mm between 1.00 p.m. and 8.00 p.m. on this day). The distinct
peaks found in July, August and September 1979 were all caused by
tropical cyclones. Other peaks were associated with the trough systems
21
TABLE 2.5
MONTHLY RAINFALL- TAI LUNG FARM
(1.4.79 to 31.3.80)
NUMBER OF DAYSDEVIATION FROMRAINFALL
WITH 1 mmLONG TERM MEANMEASUREDMONTH

















SOURCE: Royal Observatory, Hong Kong







































APR j MAY | jUN F JUL AUG I SEP I OCT l NOV I DEC I JAN i FEB | MAR
1 Q n n1 O V ©
Source : Water Supply Division; and Royal Observatory
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that brought heavy rains to Hong Kong from April to June 1979 as well
as in March 1980. From October 1979 to February 1980, the peak daily
discharge was low and was usually less than 10 l sec-1.
2.7 Land Use
In the early 1950's, the inhabitants in the study area were
mainly engaged in the cultivation of rice and vegetables. The rapid
growth of population and industries in Hong Kong in the late 1950's
induced significant changes in the occupational structure and land
use patterns in the study area. Textile industry and cottage-type
factories (mainly saw mills, metal works, plastic machinery and
electroplating industries) have become established in the area, mostly
concentrating along the river channels. Agriculture in the area has
also undergone significant changes in the last two decades. More and
more farmers have relinquished the less profitable rice cultivation
and turned to vegetable cultivation, market gardening, pig and
poultry keeping, and fish farming. Together with the increase in
population, these industrial and agricultural activities have produced
an amount of wastes that the forces of nature cannot readily absorb
or disperse.
An attempt has been made in the present study to ascertain
the land use pattern in the Indus Basin. Using large scale maps,
supplemented by air photos, land use in the basin was divided into
five categories: namely grassland and woodland (natural vegetation,
VEG), cultivated land (CULT), fallow land (FAL), built-up area (BUIL)
and land occupied by rivers and ponds (RIV). The area of each
category was measured by 1:100 graph paper. The agricultural land
use data were mainly provided by the Agricultural and Fishery
Department.
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It can be seen from Table 2.6 that more than 50% of the land
in the Indus Basin particularly in the upper course of the drainage
basin, is occupied by grassland and woodland. In the lower course of
the study basin, the percentage of grassland and woodland drops to
below 10%, and the major part of the area is made up of cultivated
land, fallow land, built-up area and fish ponds.
Population density, animal farm density, poultry density and
pig density of the drainage basin were also determined (Table 2.7).
Population data were based on the census of 1971 and the by-census
of 1976. Within five years the population of the study area has
increased by 31% (Table 2.7). However, the population growth rates
in two urbanized towns were significantly higher, with a 61% increase
for Sheung Shui and 97% for Fanling (Table 2.7). The Data of animal
farms, poultries and pigs in 1979 were provided by the Agricultural
and Fishery Department. In the lower course of the study basin,
poultry and pig densities were usually over 10,000 and 1,000 heads
per km2 respectively. However, in the upper course, generally of
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TABLE 2.7
DENSITY OF POPULATION, ANIMAL FARM, POULTRY AND PIG IN STUDY AREA
TOTAL NUMBER I DENSITY (No./Km2)
Population
1176.9682021971Catchment of River Indus
1537.0890701976
44578.11426519 71Sheung Shui (Shek Wu Hui)
71781.32297019 76





SOURCE: Census and Statistical Department





Sampling of river water for analysis was carried out for one
year from April 1979 to March 1980, so that the water quality in
different seasons could be contrasted.'
There were two areas of emphasis in the sampling design: (1)
to investigate the spatial variations in the river water quality in
the catchment, and (2) to determine the temporal variations in the
river water quality throughout the year.
To achieve the first aim, water samples were collected at 106
sites within the study basin (Figure 3.1), and sampling was repeated
for four times in April, July and October 1979 and January 1980. The
locations of sampling sites were chosen to cover the whole drainage
basin. For the convenience of the collection of water samples, most
of the sampling sites were located at points where there were bridges
lying over the river. In the upper course, the location of the upper
most sampling site of a channel was based on two criteria: the dis-
solved oxygen content and the human development. The site, arbitrarily
chosen, should have a dissolved oxygen content near saturation (i.e.
100%) and should have evidence of no human development above the site
shown on a 1:20,000 map. On average, the distance between the
sampling sites varied from 500 to 1,000 metres.
In the study basin, most of the river courses flow through
areas well away from the nearest road. A substantial proportion of
the field work therefore had to be carried out on foot. Depending
on the length of the river course being surveyed and the accessibility
of th e sites.. 10 to 20 samnlinq sites could be visited in one
Figure 3.1 WATER SAMPLING LOCATIONS
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day. Therefore, each sampling task lasted for five to ten days, and
had to be carried out during prolonged periods of fine weather so
that water samples collected on different days could be directly
comparable.
To achieve the second aim, monthly sampling was carried out
only at 34 sampling sites in May, August, September, November and
December in 1979 and in February and March in 1980.• It was not
possible to collect samples from all the 106 sampling sites because
it would have taken too much time. The 34 sampling sites, well dis-
tributed throughout the catchment, were chosen from the original 106
points and they enabled the sampling of water of different qualities.
Additional water samples were also collected at five sampling sites
during and after two rain-storms in order to examine the effect of
changes in river discharge on water quality.
3.2 Analysis of Water Samples
To determine the water quality of a river, many constituents
should be measured. These include physical constituents e.g. tempera-
ture, colour, ordour and turbidity microbiological constituents
e.g. coliform organisms inorganic constituents e.g. conductivity,
alkalinity, total dissolved solids, hardness, pH, dissolved oxygen,
major cations and anions and trace elements (heavy metals) organic
chemicals e.g. pesticides and oil and oxygen demand e.g. B.O.D. and
C.O.D. Due to the lack of equipment, the microbiological constituents,
organic chemicals and oxygen demand of the water samples could not be
determined. In the present study, only the inorganic constituents
and the temperature of the water samples were analyzed.
3.2.1 Field measurement
A Portable Dissolved Oxygen Meter, YSI Model 57, was used for
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determining water temperature and dissolved oxygen in the field.
Field determination of these parameters is necessary because signi-
ficant changes may occur even if the samples are stored for a short
period of time (Lam, 1979).
3.2.2 Water sampling
Water samples were collected in 500 ml polyethylene bottles.
Prior to the collection of the samples, the bottles were pre-washed
with de-ionized and distilled water and rinsed with stream water.
The bottles were submerged under the water surface so that stream
water could flow freely into the bottles. Each sample was then capped
with a minimal amount of air to reduce gaseous exchange during
transportation. An attempt was made to keep the samples near stream
water temperature during transportation.
3.2.3 Laboratory analysis
3.2.3.1 Sequence of analysis
At the laboratory, pH, conductivity, HCO3 and sulfide were
measured immediately after opening the cap of the bottle to minimize
the possibility of having chemical changes in the water samples.
Then filtration was done by using Whatman 542 filter paper to remove
suspended sediments. If there was a large amount of suspended solids,
Whatman 1 filter paper was used first to prevent the clogging of the
filters. Filtration was not only a procedure necessary to separate
the dissolved from the particulate matters it also helped to preserve
the water samples by removing most of the microorganisms and other
particulate matters that might alter the chemical composition of the
samples by either dissolution and absorption (Fitzgerald and Faust,
1967).
After filtration, the samples were stored in polythene bottles
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at just above freezing point in darkness to minimize chemical or
biological changes that might occur. Nitrate, ammonia, phosphate,
sulphate, chloride and silica were measured within two weeks after
collection. After the above analysis, the water samples were acidi-
fied by nitric acid to pH below 1 for the determination of sodium,
potassium, calcium, magnesium, iron, manganese, copper and zinc. The
analysis for metals were performed within two months after collection
All measurements were recorded with the samples at room temperature,
20°C to 25°C.
Throughout the experiment, extreme care was exercised in the
collection, storage and analysis of the water samples to ensure that
the results were reliable. Water for all analyses was de-ionized
and distilled, and stored in large polythene containers. All glass-
ware was acid washed and then rinsed thoroughly with distilled water.
Standard solutions were prepared from analytical grade reagents and
were stored in polythene bottles in darkness. To cope with the large
number of samples, analytical methods which were both quantitatively
accurate and easy to perform were utilized. Samples collected in the
same task were analyzed in the same batch. Samples too concentrated
for a specific method were diluted with a Fisher Model 241 Diluter.
In spectrophotometric analysis, quartz cells were used. For volu-
metric determinations, blank determinations were made.
3.2.3.2 Method of analysis
A Radiometric Portable pH meter, model 29, was used for pH
determination. The meter was calibrated by buffer solutions at pH
4.0 and 7.0. Conductivity was measured with a Radiometric conducti-
vity meter and adjusted to the reference temperature of 25°C. A
conductometric titration method (Lam, 1982) was used for the deter-
mination of HCO. concentration. Sulfide and chloride were
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determined volumetrically by the iodometric method (Wong, 1.976) and
the mercurimetric method (Brown et al., 1971) respectively. Ammonia,
nitrate, sulfate, phosphate, and silica were determined colorimetri-
cally on the Shimadzu spectrophotometer Model UV-100-OZ by using the
Nessler (Allen et al., 1974), hydrazine sulphate reduction (Mullin
and Riley, 1955), turbidimetric (APHA, 1971), phosphomolybdate (Fishman
and Skongstad, 1965), and molybdate blue methods (Chan, 1965) respec-
tively. Na and h were determined by using an EEL flame photometer
(Model 100). Other cations (Ca, Mg, Fe, Mn, Zn, Cu) were measured
by atomic spectrophotometry on an IL 257 AA spectrophotometer.
3.3 Data Processing
The data collected in this research were processed on the IBM
3031 computer at the Chinese University of Hong Kong.
The SPSS (Statistical Package for Social Sciences) developed
by Nie et al. (1975) has been used for various statistical analyses,
including descriptive statistics, t-test,•correlation analysis,
regression analysis, factor analysis and discriminant analysis. The




WATER QUALITY OF RIVER INDUS
This chapter comprises two sections. The first section des-
cribes the general characteristics of the water quality of River Indus,
and the second section compares the water quality of River Indus with
that of other streams in Hong Kong.
4.1 General Characteristics of the Water Quality of River Indus
To obtain information on the chemical characteristics of the
water of River Indus, a total of 662 samples were collected at 106
different sites in the catchment during the study period, according
to the procedures described in Chapter 3. Out of these 662 samples,
106 samples were collected in each of the following months: April,
July and October of 1979 and January of 1980 and 34 samples in each
of the following months: May, August, September, November and December
of 1979 and February and March of 1980.
In this section, all 662 samples are used to compute the
statistics shown in Table 4.1, from which, it can be seen that the
river water is slightly acidic with Na as the dominant cation and
HCO3 as the dominant anion. In other words, the river water belongs
to Na-HCO3 type, which is typical of south-east China. Lo and Huang
(1963) attributed this water type as being the result of the humid
climate in south-east China, a condition which is conducive to chemical
weathering and to the leaching of the more soluble salts, such as
sodium, from the products of weathering. As will be elaborated in the
latter part of this chapter, the dominant anion, HCO3, is also a
TART.E A 1















































































































































































by-product of the chemical weathering of silicate minerals by CO2
charged water.
Table 4.1 also shows the variability of each of the chemical
parameters measured in terms of its data range and coefficient of
variation. Amount these parameters, the variability of conductivity,
dissolved oxygen and most of the cations and anions is comparatively
large, reflecting that the chemical quality of the liver water may be
very different in different times of the year and also in different
parts of the catchment. Part of the variability could be attributed
to the existence of just a few number of samples with unusually high
values, a phenomenon also indicated by the positive skewness (Table
4.1). For example, the highest water temperature, pH, conductivity
and concentrations of Na, Cu, HCO3 and Cl readings in the whole study
were all recorded at one sampling site, namely No. 48 (Figure 3.1)
where warm coloured effluent drained from a dyeing factory. On the
other hand, the lowest values of pH and dissolved oxygen and highest
concentrations of Fe, Mn, Zn, SO4 and S were recorded at sampling site
23 (Figure 3.1) where acidic, bad-orored'water was discharged from
a paper-manufacturing factory.
Among the analyzed parameters, water temperature, pH and Si02
are Less variable than the others (Table 4.1). The mean water tempera-
ture during the study period was around 23°C with a relatively small
coefficient of variation. The small magnitude of variation in water
temperature was a reflection of the small seasonal fluctuation in
water temperature and also due to the fact that water temperature
along the river course was more or less the same, except for a short
reach near the dyeing factory (sampling site 48) which was thermally
polluted. The mean pH of the river water was around 6.7 with a
relatively large data range but a small coefficient of variation.
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The large data range of pH values (2.7 to 11.4) was merely due to the
discharge of very acidic and alkaline effluents from two different
factories at sampling sites 23 and 48 as mentioned above. The mean
concentration of Si0 2 was 18.9 mg - 1 with an exceedingly small
coefficient of variation. This is expected because SiO 2 is essentially
derived from chemical weathering which is fairly uniform over the
catchment, and inputs from human activities are negligible.
Except for the above three chemical parameters, other parameters
are much more variable over time and space. The causes for these
variations will be discussed in Chapters 5 and 6. Because of the
large magnitude of variability, average concentration figures are not
particularly meaningful in describing the water quality. It is neces-
sary to group the water samples so that more representative statistics
can be calculated for each class. Grouping of the water samples will
be discribed in Chapter 6.
To explore the inter-relationship between the solutes in the
river water, a correlation analysis was performed on the solute
concentrations of the 662 samples. It can be seen from Table 4.2
that conductivity, a measure of total dissolved solids in water, is
positively related to all cations and anions, and the correlations
are particularly high among the dominant cation (Na), anion (HCO3)
and Cl. indicating that increases in conductivity are largely contri-
buted by increases in Na, HCO 3 and Cl.
The two dissolved oxygen parameters (DO, dissolved oxygen in
mg - 1 DOPCT, dissolved oxygen in saturation percentage) are, however,
inversely related to conductivity and most other chemical parameters,
especially to the plant nutrients (K, NH 4, P0 4 and S) and to the
alkaline metals (Ca and Mg). This is because the occurence of large
amounts of nitrogen, phosphorus and sulfide is indicative of organic
TABLE 4.2
CORRELATION MATRIX OF CHEMICAL PARAMETRES OF RIVER WATER (n= 662)
NOTE: Only the correlation coefficients significant at 0.001 level are shown.
Temp- Water Temperature; Cond- Conductivity; DO- Dissolved Oxygen;
DOPCT- Dissolved Oxygen Saturation Percentage.
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pollution, and the presence of organic matters will deplete the oxygen
reserve in the river water by bacterial decomposition.
Another notable features appearant in Table 4.2 is the posi-
tively high inter-correlations between K. NH4, P04, S, Ca, Mg and Mn,
probably suggesting that they are derived from similar origins such
as pig and poultry houses.
Among the analyzed heavy metals, iron (Fe) ?nd zinc (Zn) are
positively closely related to sulfate (SO4), and also to each other.
This close relationship seems to suggest that Fe and Zn usually occur
in the form of sulfate, caused by industrial water pollution.
Water temperature, Si02 and NO3 are not closely related to
any of the other water quality parameters. This lack of correlation
is due to the relatively small magnitude of variation in the tempera-
ture and Si02 data. The reason for NO3 is unknown.
In order to unravel the underlying pattern of relationship
between variables, a factor analysis of the 662 water sample data
was conducted. The results indicate that there are four major factors,
which together account for 97.5% of the total variation in the data
(Table 4.3).
The first factor, which accounts for 53.9% of total variation,
is represented by high loadings in K, Ca, Mg, NH4, Mn, HCO3, P04 and
S. There are also relatively high inter-correlations between these
chemical parameters as shown in the correlation coefficients matrix
(Table 4.2). They fall into the same factor because they are probably
the decomposed products of organic agricultural wastes..
The second factor, accounting for 19.6% of total variation,
is represented by high loadings in pH, conductivity, Na, Cu, HCO3 and
Cl. Na, HCO3 and Cl are the most abundant ions in the study catchment
(Table 4.1), and are thus the major determining factor of the pH and
39TABLE 4. 3
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conductivity of the water. They are therefore. closely inter-related
(Table 4.2), and are of the same factor.
The third factor, accounting for 16.9% of the total variation,
is represented by high loadings of Fe, Zn and SO4. As mentioned
earlier, these two heavy metals probably occur in the form of sulfate,
and are derived from industrial effluents.
The fourth factor is represented by high loadings of the two
dissolved oxygen parameters. It accounts for 7.4% of total variation.
The negative values associated with these two parameters indicate
that dissolved oxygen is inversely related to concentrations of other
constituents. This relationship suggests that the content of dissolved
oxygen tends to drop with increase in concentration of other solutes,
and also implicity with increases in the level of pollution.
4.2 Comparison of Water Quality of River Indus with other Streams
in Hong Kong
4.2.1 Introduction
A number of studies have been carried out to study the quality
of Hong Kong streams. In the winter of 1972-73, Binnie & Partners
Consultant Engineers (1974) carried out a large scale stream survey
in the New Territories. Over 400 water samples were obtained from
about 400 km of streams and were analyzed for water temperature,
turbidity, pH, conductivity, colour and concentrations of dissolved
oxygen and ammonical nitrogen. A small number of the more polluted
water samples were also analyzed for the major cations, anions, heavy
metals and other toxic substances. The results indicated that 60%
of the streams (by length) were clean, 24% polluted, and 16% grossly
polluted.
Another study was conducted by Lam (1974) to investigate the
effects of vegetation cover on water quality in three unpolluted small
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stream catchments in the Tai Lam Chung area from July 1971 to October
1972. Of the 3 catchments, two were partly barren and the third one
was covered by a secondary growth of pine woodland. In each catchment,
77 water samples were collected and analyzed for water temperature,
pH, conductivity and concentrations of Na, K, Ca, Mg, Si02, Cl, total
dissolved solids and suspended sediments. Results showed that streams
of the two partly barren catchments carried much more material in
suspension but slightly less material in solution than the stream of
the wooded catchment did. Greater temporal variations in concentrations
of suspended and dissolved materials were also observed for the two
partly barren catchments.
Three stream pollution studies have been undertaken more
recently to investigate the water quality of lowland streams. In the
Shatin Valley, Lam (1980) collected and analyzed 305 water samples
for concentrations of the.major cations and anions, nutrients, heavy
metals and dissolved oxygen. Results showed that 50% of water samples
could be grouped as clean, 30% polluted, and 20% grossly polluted.
The study also shows that the grossly polluted streams carry consi-
derable amounts of nitrogen and phosphorus, and some heavy metals.
A study of the effect of polluted water discharged into the Tolo
Habour was undertaken by Wong and his associates (1980) who collected
water samples and sediments near the mouths of seven major rivers and
analyzed for pH, dissolved oxygen, total organic carbon, total nitrogen,
total phosphate and heavy metals contents. Results showed that Lam
Tsuen River, Tai Po Kau River and Shing Mon River were grossly pol-
luted by organic and inorganic wastes and Blue Snake River which
passes through the iron ore tailings accumulated high contents of
metal contaminants. The stream water quality of catchment at Pak
Konc in Sai Kung has also been the subject of another study (Kyle,
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1980). Based on the smell, colour, turbidity, pll, ammonia and phos-
phate contents of 18 water samples, the study showed that 81.6% of
total lengths of streams (19.6 km) in the catchment could be classified
as generally unpolluted, 8.2% as moderately polluted and 10.2% as
severely polluted. Although the above three studies have been carried
out in different parts of New Territories, they all point to the fact
that untreated domestic, agricultural and industrial wastes are the
causes of pollution of the lowland streams.
Having reviewed previous studies of river water quality in
Hong Kong, the following section will compare their results of the
above studies with those of the present study. Since the water
quality can vary considerably in different parts of the catchment, the
comparison have to be carried out at two different levels. Firstly,
the quality of the headwater unpolluted streams of River Indus will
be compared with that of other headwater streams in Hong Kong.
Secondly, the quality of the lowland streams in the River Indus
catchment will be compared with that of other lowland streams.
4.2.2 Quality of headwater of River Indus and comparison with
other unpolluted headwater streams in Hong Kong
To facilitate comparison with other unpolluted streams in Hong
Kong, only the data of 108 water samples obtained from those 19
sampling sites in the headwater areas of the study basin were used.
Table 4.4 shows the characteristics of these headwater samples,
It can be seen that the river water is slightly acidic and the most
abundant ions are Na, Ca, HCO3 and Cl. The dissolved oxygen content
in water is high and is near saturation.
In the headwater streams where there is virtually no pollution,
water quality is largely controlled by two factors, namely chemical
weathering and rain chemistry. The chemical weathering of silicate
TABLE 4.
STREAM WATER OTTAT.TTY TN THE HEADWATER AREAS OF THE TNIDUS RAST
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minerals, of which the volcanic welded tuff of the study catchment is
made up, is understood to be by hydrolysis and reaction with CO2. It
is known that CO2 concentration in the soil zone is normally much
higher than that of the earth's atmosphere as a result of the decay
of organic matter. CO2 charged water infiltrating through the soil
zone encounters and interacts with the mineral constituents. The
chemical action of CO2 charged water on the major minerals forming
the fine welded tuff in the study area (Section 2.2) are summarised
in Table 4.5. As a result of these reactions, kaolinite is formed,
the CO2 is consumed and changed into HCO3 and various solutes are
released according to the mole ratios depicted by the equations in
Table 4.5. This explains why Na, HCO3 and SiO 2 are released in
amounts greater than those of Ca, Mg and K and also why Na and HCO3
are the dominant ions in stream water. However, no chloride is
released from these weathering reactions (Table 4.5) because there
is virtually no chloride bearing minerals in volcanic rocks, and the
chloride present in the stream water is probably derived from rain-
water.
To assess the possible contribution of solutes from rainfall
in the study catchment, some rainfall chemistry data of Hong Kong
(Lam, 1974 Chau, 1977 and Ho, 1980) are presented in Table 4.6.
It can be seen that rain water in Hong Kong is rather dilute in
comparison with the stream water but it contains, and may contribute
to the stream water, such solutes as Cl, NH4, NO3 and SO4, which are
not derived from chemical weathering.
To test whether the quality of the headwater streams are
controlled by the weathering reactions postulated above, the water
quality data are plotted on three stability field diagrams. It can
be seen from Figure 4.1 that the headwater samples mainly fall
TABLE 4.5
WEATHERING REACTIONS OF THE MAJOR FINE WELDED TUFF FORMING MINERALS
1. Orthoclase (K- Felspar)- Kaolinite
(orthoclase) (kaolinite)
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Figure 4.1 STABILITY FIELD DIAGRAMS FOR ALUMINIUM SILICATES - AQUEOUS SOLUTION
SHOWING HEADWATER STREAM WATER mMDnQTTTAM
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within the kaolinite field, which is the end product of the chemical
weathering of volcanic tuff in the study area (see Section 2.2). The
fact that the headwater samples are in equilibrium with the weathering
products is an indication that chemical weathering of the volcanic
tuff is the controlling mechanism of the chemical quality of the
headwater streams.
Table 4.7 compares the water quality of headwater areas of
River Indus and that of a wooded catchment in Tai Lam Chung (Lam,
1974). It can be seen that in both areas the stream-water is slightly
acidic with sodium as the dominant cation. With the exception of K,
the solutes in the headwater streams of the Indus Basin are generally
higher than those in Tai Lam Chung. The reason for the difference
may probably be the difference of rock types between two areas. The
rock type of the wooded catchment in Tai Lam Chung is granite, whilst
that of the study basin is fine welded tuff, and of two, the fine
welded tuff weathers more easily.
4.2.3 Comparison of the ualit of lowland streams in Indus Basin
with other lowland streams in Hong Kong
For comparison with other lowland streams in I-long Kong, the
225 water samples obtained from those 30 sampling sites in the low-
land areas of the study basin were used.
The average concentration figures (Table 4.8) show that the
river water is highly polluted by alkali and alkaline metals (Na, Ca,
Mg and K), nutrients (NH4 and PO4), bicarbonate (HCO3) and chloride
(Cl). As expected, the dissolved oxygen content in the water is very
low. In comparison of the grossly polluted lowland streams in the
Shatin Valley (Lam, 1980), the solute concentrations in the Indus
Basin are far much more higher (Table 4.8), indicating that the
pollution problem in the study basin is more serious than that in the
Shatin Valley.
TABLE 4.7
CHEMICAL QUALITY OF HEADWATER STREAMS IN THE BASIN INDU£
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It is hard to compare the pollution level of the study basin
with those areas studied by Wong et al (1980) and Kyle (1980), because
of the differences in the analyzed constituents, as well as in the
analytical methods employed.
It is apparent from the above comparison that the lowland
streams in the Indus Basin are severely polluted. The occurrence of
pollution load in these streams are probably derived from the discharge
into the streams of untreated domestic, agricultural and industrial
wastes that greatly exceed the natural dilution ability of the stream.
The effect of river discharge and human activities on river water
pollution in the Indus Basin will be discussed in Chapters 5 and 6.
4.3 Conclusion
River water of River Indus is slightly acidic with Na, HCO-
and Cl as the dominant ions, which is typical of south-cast China.
Headwater streams in the study basin are clean and rich in Na, Ca,
HCO and Cl which are mainly derived from the chemical weathering
3
of rocks and partly from rainwater. Lowland streams in the Indus
Basin are generally more polluted than other streams in Hong Kong.
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CHAPTER V
TEMPORAL CHANGES IN WATER QUALITY
5. 1 Introduction
At a particular station on the stream, solute concentrations
can vary through time, either in the long term as a result of changes
in the vegetation cover and human activities, or in the shorter term
as consequences of weather and hydrometeorological changes throughout
the year. This chapter examines the changes in water quality over
the period from 1973 to 1980, and the seasonal variations in water
quality throughout the study period.
5.2 Changes in Water Quality over a Period of Seven Years
During the period from December 1972 to February 1973, Binnie
E Partners conducted an investigation of the water quality of the New
Territories which also covered the present study catchment (Binnie r
Partners, 1974). In order to see what changes have taken place since
then and where most of the changes have occurred, the quality of the
water samples taken in the present study in January 1980 were compared
with those obtained by Binnie Partners.
Binnie Partners, using field equipment, analyzed the following
four basic parameters of water pollution-- dissolved oxygen, ammonical
nitrogen (NH4-N), pH and conductivity. The reasons for the selection
of these parameters were fully discussed by Binnie E Partners (1974)
and are summarized as follows:
(1) The dissolved oxygen content of a stream is one of the
fundamental indicators of the extent to which the water
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has been polluted with organic matter. Unpolluted streams
are generally fully saturated with dissolved oxygen due
to interchange with the air and plant photosynthesis.
When organic matter such as excreta enters the water,
oxygen is consumed by the myriad bacteria and other mirco-
organisms which feed on the organic matter. The dissolved
oxygen content of the stream water is rapidly depleted if
the oxygen demand caused by the additional organic matter
exceeds the oxygen input from aeration of plants.
Ammonical nitrogen is also an indicator of organic pollution.(2)
Ammonia does not normally occur in unpolluted waters but
is invariably present in streams subject to recent organic
pollution, particularly derived from the breakdown of
proteinaceous matter and urine.
The pH of stream water was measured principally to show(3)
the effects, if any, of strongly acidic or alkaline
effluents discharged by industries.
Electrical conductivity is a measure of the conductance(4)
of an electrolyte and is generally a good indication of
the total dissolved solids in water.
There were 50 locations in the Indus Basin where water samples
were collected by Binnie 4 Partners. Of these 50 sampling locations,
41 coincided with the sampling sites of the present study. Thus any
changes in the water quality during the period from 1973 to 1980
could be revealed by a comparison of the data obtained by Binnie
Partners and in this study at these 41 sites. These two sets of data
were directly comparable because water samples in both studies were
collected in the winter of the year when water flow was at a minimum
and pollution was probably at its worst. However, there is one
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limitation in the comparison, namely the differences of analytical
techniques employed in these two surveys. The Binnie F Partners'
survey used field equipments to measure all four parameters, whereas
in the present study, field equipment was only used to measure the
dissolved oxygen content and determination of the other three para-
meters was carried out in the laboratory by more precise methods.
Thus, the precision of data obtained in these two studies could be
different.
A paired sample t-test was employed to test whether there
were significant differences between the two sets of data. It is
seen (Table 5.1) that there has been a considerably increase (122%)
in the concentration of ammonical nitrogen (p= 0.01), whereas the
changes of dissolved oxygen and conductivity were rather smaller.
The change of pH is statistically significant (p= 0.01) but the
magnitude was small.
The appreciable increase in the concentration of ammonical
nitrogen is also shown in Figure 5.1. In the middle and lower courses
of the study basin, the concentration of ammonical nitrogen has
increased by about 20 mg k-1 or more during the period from 1973 to
1980 whilst the difference in the upper course was small. The
reason for such substantial increase might be due to the increase in
the discharge of water pollutants as the result of the increase in
the number of animal keeping farms, industries, as well as dwelling
units along the stream channel.
The mean value of pH of 1980 was smaller than that of 1973
(Table 5.1). The reason for the decrease was hard to ascertain
because the factors affecting pH are plenty and varied. The small
magnitude of change could well be a reflection of the differences in
the analytical methods employed in the two studies. Figure 5.1. shows
TART.F, 5.1 a
nrorDnDMPcr tvt nnut? rurMTPAT PilTAT TTV PiT? CTDPSM TaTZT'Th'P RAMPT.FQ PDT.T.FPTFn TN 19 7 3 AND 19R0



















































N.S.- Not significant at 0.01 level
1973 data based on Binnie Partners (1974)
1980 data- this study
TABLE 5.1 b cont'd
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N.S.- Not significant at 0.01 level
1973 data based on Binnie Partners (1974)
1980 data- this study
Figure 5.1a LONGITUDINAL VARIATIONS OF THE CONCENTRATIONS
OF VARIOUS SOLUTES IN 1973 AND 1980- THE MAIN CHANNEL
Figure 5.1b LONGITUDINAL VARIATIONS OF THE CONCENTRATIONS
OF VARIOUS SOLUTES IN 1973 AND 1980 TRIBUTARY BEAS
Figure 5.1c LONGITUDINAL VARIATIONS OF THE CONCENTRATIONS
OF VARIOUS SOLUTES IN 1973 ND 1980- TRIBUTARY SUTLEJ
Figure 5.Id LONGITUDINAL VARIATIONS OF THE CONCENTRATIONS
OF VARIOUS SOLUTES IN 1973 AND 1980- TRIBUTARY LUNG
Figure 5.le LONGITUDINAL VARIATIONS OF THE CONCENTRATIONS
OF VARIOUS SOLUTES IN 1973 AND 1980- TRIBUTARY CHENAB
Figure 5.If LONGITUDINAL VARIATIONS OF THE CONCENTRATION:
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that with the exception of Tributary Sutlej, the difference of pM
between two surveys is small. In Tributary Sutlej, a very high pH
value of 11.9 was recorded at sampling site 45 in 1973 arising from
the industrial effluent discharged from the tanneries. Although the
tanneries had moved, a rather high pH value (8.35) was still also
observed at sampling site 46 in 1980, because of the effluent dischargee
from a nearby dyeing factory.
It is seen that the difference of dissolved oxygen between two
sets of data is statistically insignificant. There has been a slight
increase (about 3%) of the saturation percentage of dissolved oxygen
over the period from 1973 to 1980. Figure 5.1 shows that the difference
of dissolved oxygen in six study channels in two surveys are small.
For both surveys, the dissolved oxygen was low in the lower course
and high in the upper course, indicating that dissolved oxygen in the
stream water in the lower course was consumed at a rate faster than
the repleinshment of oxygen from aerations and plants.
The difference in conductivity between two surveys is statis¬
tically insignificant (Table 5.1). The statistical result could be
misleading because whilst there has been no significant increase in
conductivity over the whole catchment, there have in fact been great
increases of conductivity in certain parts of the catchment, especially
along Tributary Beas, Tributary Lung and the main channel (Figure 5.1).
Thus, another paired t-test was conducted to ascertain whether
there was significant difference in water quality between the two
sets of data in the above mentioned three lowland stream channels.
A total of 25 pairs of samples were used and the results (Table 5.1)
indicate that changes in the conductivity, ammonical nitrogen and pH
value are all significant (p = 0.01). Thus, based on the results of
Table 5.1 and Figure 5.1, we may conclude that there has been no
significant change in the conductivity of Tributary Chenab and Tribu¬
tary Jhelum; but there has been an appreciable increase in conductivity
in Tributary Beas, Tributary Lung and the main channel.
Figure 5.1 also shows very great longitudinal fluctuations in
conductivity along Tributary Sutlej caused by the inflow of industrial
effluent at certain discharge points. In 1973, the effluents of
tanneries raised the conductivity to an extremely high level (for
example, conductivity of 12500 ymho cm 1 was observed at sampling site
45) in the lower course of Tributary Sutlej. In 1980, owing to the
removal of the tanneries; the conductivity in the lower course of
Tributary Sutlej was reduced but was still at a high level (for
example, at sampling sites 44, 45, and 46, the conductivity recorded
were respectively 3198, 4354 and 3589 ymho cm ) . It can also be
seen that in both of two surveys (Figure 5.1), conductivity increased
with distance downstream. However, this was not the case for the
main channel, probably due to the growth of algae in the lower course
of the main channel, which fed on nutrients and would thus have the
effect of lowering the conductivity.
From the above discussion, we may conclude that the pollution
load of the study basin has increased significantly over the 7-year
period, especially in terms of ammonical nitrogen. However, the
increase was not evenly spreaded throughout the catchment and the
changes were most marked in the lowland portions. The substantial
increase in the ammonia content, reflecting the increased organic
pollution was probably the result of the increase in pig and poultry
keeping in the study basin. Similarly, the appreciable increase in
conductivity in the three lowland channels, indicating the rise of
solute load in the river water, was also the consequence of increased
human activities.
5.3 Seasonal Chances in Water Oualitv throughout the Study Period
During the study period, water samples were collected at 34
sampling sites in the second half of each month. Thus, for each of
these 4 sampling sites, a total of eleven water samples were collected
These water samples are analyzed in this section to depict whether
there was any seasonal pattern in water quality and the factors causing
such pattern. M
Two sampling sites have been selected for the analysis, namely
site 82, a headwater station; and site 58, a lowland station. The
monthly solute concentrations monitored at these two sites and the
mean solute concentrations of all 34 sites are protrayed in Figure
5.2. Variations in the monthly averages of the pH value, dissolved
oxygen content and the concentrations of Fe and Si09 were small
(Figure 5.2). This is also reflected by the comparatively small
values of the data range and the coefficient of variation (C.V.)
(Table 5.2). On the other hand, the monthly averages of conductivity,
and the concentrations of Na, NH, K and most of the anions (HCO,
PO, CI, S, NO) showed distinct seasonal changes (Figure 5.2, Table
5.2). Monthly averages of the solute concentrations were at their
lowest in August, which was the wettest month (Table 2.5) and the
month with highest river discharge (Figure 2.4); whereas high solute
concentrations were recorded in the dry season, during when both
rainfall and river discharge were small (Figure 2.4). This pattern
suggests that rainfall and river discharge may be the controlling
factors of the seasonal changes in water quality. This relationship
will be discussed in greater depth in the latter part of the present
section.
For most of the solutes, the monthly averages fell between
the solute concentrations in the headwater and lowland stations
Fi anrp S 9 MfiMTHT v T7 d t 7mTvr- tm ~rT rrmr-.
-headwater statjon (no a2 )
1 » o
Fiaure 5.2b MONTHLY VARIATIONS IN SOLUTE CONCENTRATIONS
MEAN OF 34 STATIONS
. -X . . . . A 1 . i- ft -v- A I Li kl A C O
HEADWATER STATION (NO 82)
Figure 5.2c MONTHLY VARIATIONS IN SOLUTE CONCENTRATIONS
MEAN OF 34 STATIONS
LOWLAND STATION
(NO 58)
HEADWATER STATION (NO 82)
MONTHLY SOLUTE CONCENTRATIONS OF BASIN INDUS (n=34)



























































































































































































































































































































TEMP - Water Temperature; COND - Conductivity; DO - Dissolved Oxygen;
DOPCT - Dissolved Oxygen Saturation Percentage
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(Figure 5.2), with the higher solute concentrations in the lowland
station and the lower ones in the headwater station. This pattern
indicates that the pollution level of water in the lowland station
was higher
In the headwater station, the seasonal variations in water
temperature, pH, conductivity, dissolved oxygen content and concentra-
tions of the major ions (Na, K, Ca, Mg, HCO3, Cl, Si02), as indicated
by coefficients of variation and data ranges (Table 5.3 and Figure
5.2), were relatively smaller than those of the lowland station.
However, in the headwater station, high coefficients of variation
were found in those chemical parameters with low mean solute concen-
trations (Table 5.3). These were usually the minor constituents
(e. g. Mn, Cu) and the nutrients (NH 4' P04, S and NO3), the concentra-
tions of which were close to zero except for one or two samples.
In the lowland station (Table 5.3 and Figure 5.2), the seasonal
variability of pH, water temperature, dissolved oxygen and concentra-
tions of Ca, Mg, Fe, Mn and Si02 were small compared to concentrations
of the major cations (Na, K), major anions (HCO3, Cl) and nutrients
(P04, SO4, S, NH4). These major cations, anions and nutrients were
typically low in the wet summer season and high in dry winter season
(Figure 5.2) as a response to the seasonal variations in the amount of
rainfall and river discharge.
It has been mentioned in the preceding paragraphs that the
seasonal variations in conductivity, dissolved oxygen and the concen-
trations of the major cations and anions are higher in the lowland
station than in the headwater station. This difference in solute
behaviour probably reflects the difference in the sources of the
solutes. In the headwater station where there is very little human
activity, most of the solutes carried in the stream are derived from



















































































































































































































Based on eleven monthly water samples collected at each site.
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the solutes in the rain and from chemical weathering. The sources of
these solutes are fairly steady during the year, and even during
rainstorms, the solutes are just not being diluted. There have
been more and more field and laboratory data to suggest that soil
water reactions are much faster than we used to think and large amounts
of solutes can be released to the stream water in a matter of several
hours during a rainstorm (Smith Dunne, 1977 Lam, 1979).
Solute levels at the lowland station are, however, less well
buffered. As will be discussed in depth in Chapter 6, solutes:in the
lowland streams are derived, in addition to the natural sources, from
human sources in the form of domestic sewage, agricultural wastes
and industrial effluent. Solute levels in the stream tend to build
up in the winter dry season because the amounts of agricultural and
domestic wastes are often beyond the dispersal capacity of the stream.
These wastes will be flushed in the first few heavy rainstorms in
April or May and solutes will then be significantly diluted in sub-
sequent rainstorms. Solute levels at the lowland station are hence
more variable than those of the headwater station.
From the above description, we may see that rainfall and river
discharge may be the important factors affecting the temporal changes
of the river water quality. Variations in solute levels associated
with fluctuations in discharge have been well documented. As early
as 1948 Hem (1948) noted the decrease in solute concentration during
rainstorms, a phenomenon ascribed primarily to the dilution of base-
flow of storm runoff. This dilution effect was subsequently substan-
tiated, elaborated and quantified by numerous other workers (for
example Goto, 1961 Edwards, 1973). To test the effect of rainfall
and river discharge on water quality, the data from a lowland station
(sampling site 91) where a total of 16 samples were collected in
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different times of the year and during one particular storm in August
were used. Since no discharge measurement was made at the sampling
site, the river discharge at Shek Pi Tau (Figure 2.4) downstream of the
sampling site was used as a surrogate variable. The limitations of
using the discharge data at Shek Pi Tau and of handling only a small
sample size are recognized, however, the large amount of work involved
in other aspects of this study has precluded the author from carrying
out this investigation at a greater depth.
As the first step in the analysis, solute concentrations were
correlated with water discharge. It can be seen from Table 5.4 that
conductivity, dissolved oxygen and concentrations of most of the ions
(Na, K, Mg, NH4, Fe, Mn, HCO3, Cl, PO 4) NO3, Si02) are significantly
related to river discharge at the 0.01 level. The relationships
between river discharge and solute concentrations are negative with
the exception of dissolved oxygen and NO3. This supports the dilution
effect hypothesis which ascribed the decrease in solute concentrations
to the increase in the river discharge. Increases in river discharge
were also associated with increases in dissolved oxygen, probably due
to the aeration effect caused by the increase in flow velocity.
During rainstorms, the increase in NO3 concentration is probably the
result of the flushing of NO3 from the agricultural wastes accumulated
in the river channel.
From the above discussion, it can be seen that the two
nitrogeneous compounds behave differently. With the increase of
river discharge, NH4 concentration decreases, but NO3 concentration
increases. This difference may be due to the difference in the
chemical behaviour of the two compounds. NH4 is stable only in a
reducing environment and is readily converted to NO3 in an oxidizing
environment. During rainstorms, dissolved oxygen in river water
,,,.-rmvr Km punT T MP CTTf Q 1 TO RTUFR F T FrHARGE
r= 1£
MnnRr.! Jl. a.«-»—— j» r
where, Y= solute concentration in mg I 1,. o,,.•,,
(except conductivity in yimho cm, water temperature in C and dissolved oxygen
in saturation percentage),
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increases, causing a certain amount of NH4 to be converted to No3,
thus explaining the increase in NO3. The decrease in NH4 concentratior
is probably the result of both dilution and conversion to NO3.
As indicated by the regression coefficients (Table 5.4), the
rates of decrease in the concentrations of NH4 and PO4 with increases
in river discharge are comparatively greater than those of other
solutes, especially those major ions (Na, K, Ca, Mg Cl). The dif-
ference in solute behaviour is due to the fact that NH4 and PO4 are
mainly derived from agricultural and domestic wastes whilst the
major solutes are not only contributed by man-made wastes, but also
derived from rain water and from the chemical rock weathering. During
periods of discharge increase, dilution of major solutes are thus
partly offset by the contributions from rain water and from soil
mineral reactions. This explains why the rates of decrease of the
concentrations of the major ions are smaller than those of the
nutrients.
In addition to the river discharge, the antecedent precipita-
tion index, was also used. as a predictor variable in the regression
analysis of solute variations. The antecedent precipitation index
(API) is calculated by the following equation (Gregory Walling,
1973):
APIn= ppt+ 0.65 x API n-1
where APIn= antecedent precipitation index at day n of a year
APIn-i= antecedent precipitation index at day n-i of a year
and ppt= precipitation at day n of a year.
The addition of API in the stepwise regression analysis
(Table 5.5) has significantly increased (p= 0.05) the percentage of
variance explained for the following solutes: conductivity, Na, K,
NH4, Zn, HCO3, Cl, PO 4-t NO3. With the exception of NO3, the partial
TABLE 5.5
MULTIPLE REGRESSION EQUATIONS RELATING WATER QUALITY AT SAMPLING SITE 91 TO
RIVER DISCHARGE AND ANTECEDENT PRECIPITATION INDEX
MODEL: log Y = a + b x log Q + b x log API,
where, Y = solute concentration in mg JL
(except conductivity in pmho cm , water temperature
in C, and dissolved oxygen in saturation percentage)
Q = river discharge in L sec , and


































































































































































N.S. - Not significant at 0.05 level
Significance level 0.05
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correlation for the above solutes are all negative indicating that
the wetter is the antecedent conditions, the smaller would be the
amount of solutes carried in the stream. This is expected because
solutes are replenished at a rather slow rate and solute levels are
generally lower in those periods when several rainstorms occur one
after another.
It can also be seen from Table 5.5 that river discharge and
antecedent precipitation index in combination can account for over
60% of the total variations in conductivity and concentrations of
Na, K. NH4, HCO3, Cl, PO4 and NO3, indicating that the variations
in the concentrations of these solutes were indeed caused by river
discharge and precipitation fluctuations.
According to the above analysis, we may conclude that seasonal
variations in water quality in the lowland of the study catchment is
related to river discharge and precipitation, and these results also
suggest that the best time to abstract water from River Indus for
domestic use may be in the summer wet season when there is sufficient
river discharge to dilute the pollutants.
5.4 Summary and Conclusion
in this chapter, the water quality aata or iuver lnuus -Lii
1973 and 1980 have been examined and a comparison of the two indicates
that significant deterioration has taken place during these seven
years. Of particular concern is the significant increase in NH4-N
which is a clear indication of the increase in faecal pollution.
During the study period, the seasonal variations in water quality
was smaller in the headwater station than in the lowland station,
especially with reference to conductivity, the major cations (Na, K),
major anions (HCO3, Cl) and nutrients (NH4, P04, S). The great
seasonal variations in the lowland station was found to be related
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to fluctuations in river discharge. River discharge and antecedent
precipitation index can together explain over 60% of the total varia-
tions of conductivity, and concentrations of Na, K, NH4, HCO3, Cl.,
PO4 and NO3. Therefore, it is suggested that the best time to abstract
water from River Indus for domestic use is the wet season when the
river discharge is the greatest and river water the cleanest.
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CHAPTER VI
SPATIAL VARIATIONS IN WATER QUALITY
6.1 Introduction
The quality of river water not only changes through time, but
also varies over space. This chapter attempts to depict whether
spatial variation of water quality occurs in the study catchment and
to explain why such variations occur.
Spatial variation of river water quality is controlled by the
interaction of the quality of the incident precipitation with the
character of the catchment area, the processes operating in the
catchments, and the influence of man (Walling Webb, 1975). On a
continental scale, Douglas (1972) recognized broad zonations of water
quality which correspond to the climate and, also to a lesser extent,
to the influence of downstream transport of solutes by major river.
Similar regional variations in the water quality of Chinese rivers
were reported by Lo E Huang (1963) who attributed the spatial pattern
to the variations of climatic, geological, pedological and topographical
factors over space. However, on a more local scale, water quality
may be a function of geology (e.g. Reinson, 1976), landuse (e.g.
White, 1976) and those human activities which would contribute pol-
lutants to the stream such as agricultural wastes (Lunin, 1971).
River Indus is a relatively small drainage basin, in which
the climate and geology are rather uniform over space (Chapter 2).
Therefore, the river water quality in the study catchment is largely
a function of landuse and human activities.
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The problem of spatial variations in water quality in the
study catchment has been approached in a variety of ways in this
chapter. Attempts have been made:
(1) to classify the water samples according to the chemical
constituents and to elucidate any spatial pattern arising
from such grouping
(2) to examine whether there is any significant trend in water
quality along the longitudinal profile of the river and
(3) through a correlation analysis, to examine to what extent
the spatial variations in water quality can be ascribed
to differences in landuses and human activities in the
catchment.
6.2 Stream Classification
The purpose of stream classification is to divide the large
number of water samples in the present study into groups of similar
chemical characteristics, so that different stream segments can be
classified and any spatial pattern can be readily visualized.
In order to classify the large number of samples (n= 662)
collected in the present study, the cluster analysis was employed.
Cluster analysis is a technique to group a number of objects
based on their measured attributes. It involves the computation of
the distances between the objects in a n-dimensional space, with each
dimension representing one attribute (Lam, 1980). In the present
study, the Statistical Analysis System (SAS) was used to performing
clustering. However, the SAS system in the CUHK can only handle 250
cases and there are 662 samples. In order to get over this problem,
a discriminant analysis was used in conjunction with the cluster
analysis.
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Discriminant analysis is a statistical technique to distinguish
between two or more classes of observation based on a set of discri-
minating functions derived from variables that measure characteristics
on which the classes are expected to differ. According to the discri-
minant functions, the initial classification may be tested whether it
is an optimal one in which intraclass variability is minimized and
interclass variability maximized. Besides this use discriminant
analysis can also be employed to examine previously grouped observations,
and to re-classify any misclassified and unclassified observations.
The procedure for classification involves the use of a separate linear
combination of the discriminating functions for each class. These
produce a probability of membership in the respective group, and the
observation is assigned to the class with the highest probability
(Nie et al., 1975). In the present study, discriminant analysis of
the Statistical Package for the Social Science (SPSS) was used.
Instead of using the original water data of the 662 samples
in the cluster and discriminant analyses, the factor scores derived
by factor analysis (Section 4.1) were used because both statistical
techniques require the dimensional axes to be orthogonal to each
other, a condition that could only be met by using the factor scores.
Using the factor scores, the 106 water samples collected in
July 1979 were first classified by the cluster analysis. The linkage
tree provided by the cluster analysis suggested that the samples could
be divided into six groups. The validity of this grouping was then
assessed by the discriminant analysis. According to the Wilks'
Lambda test, the six groups defined by cluster analysis are signifi-
cantly different at 0.001 level. Discriminant analysis was then
employed to classify the other 556 ungrouped samples, and to reclas-
sify some previously misclassified samples, using the discriminant
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functions derived from the analysis.
Table 6.1 shows the loading of each water quality factor (see
Section 4.1) on the discriminant functions. Since the loading is a
measure of the discriminatory power, Table 6.1 reveals which water
quality factors can differentiate the water samples of the different
groups. For example, it can be seen that discriminant function I,
which accounts for 64.1% of the total variation, is-closely related
to those factors that measure dissolved oxygen and nutrients. This
suggests that the discriminant function is responding to increases
in the nutrients content whilst also responding to decreases in the
dissolved oxygen content. Discriminant function II, which accounts
for 16.6% of total variation, is largely responding to increases in
the dominant ions concentration. Discriminant function III, accounting
for 9.9% of total variation, is responding to increases in the content
of sulfate and discriminant function IV, which accounts for 9.3% of
total variation, is responding to increases in nutrients concentrations
sulfate content as well as dissolved oxygen content. Since all four
water quality factors, as defined in Chapter 4 and elaborated above,
play some role in discriminating the samples, it can be said that the
groupings are based on such water quality parameters as the nutrients,
dominant ions, sulfate and dissolved oxygen.
Using these four discriminant functions, the 662 water samples
were classified into six groups, and the number of water samples in
each group is as follows:
Group A: 180 samples
Group B: 246 samples
Group C: 153 samples
Group D: 72 samples
Group E: 7 samples
Group F: 4 samples
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TABLE 6. 1
RELATIVE CONTRIBUTION OF EACH WATER QUALITY FACTOR
TO THE DISCRIMINANT FUNCTION
Q U A L I T Y F A C T 0 RW A T E R
IVIIII II
NUTRIENTS DOMINANT IONS SULFATE DISSOLVED OXYGENCHARACTER OF FACTOR
1.1370.1820.2581.121Discriminant Function I
-0.274-0.0840.9530.126Discriminant Function II
-0.307 0.1500.8870.153Discriminant Function III
-0.444-0.208 0.4390.505Discriminant Function IV
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Summarised in Table 6.2 and 6.3 are the chemical characteristics
of the six water quality groups and the geographical and landuse
characteristics of their contributing catchment areas.
Stream water of group A is characterized by low conductivity,
low concentrations of solutes and high concentration of dissolved
oxygen (Table 6.2). Sampling sites of this group are mainly located
in the upper courses of the study catchment (Figures 6.1 to 6.4)
where over 90% of the land is covered by natural vegetation, and the
densities of population, animal farms, pigs and poultries are rather
low (Table 6.3). Therefore, the water of this group is relatively
cleaner than those of other groups and is suitable even for drinking
purpose.
The water of group B contains less dissolved oxygen but more
solutes and nutrients (Table 6.2), suggesting that the water is
polluted. These characteristics are due to the higher densities of
population, animal farms and rearing animals in the study catchment.
Moreover, about 25% of the land is devoted to human activities (Table
6.3). Water samples of this group are largely collected in the middle
courses of the streams in the catchment (Figures 6.1 to 6.4).
The water of group C contains little dissolved oxygen and is
characterized by high conductivity level and high concentrations of
solutes especially the nutrients (Table 6.2). All these indicate
that the water is grossly polluted. This is probably due to the
existence of high densities of population, animal farms and rearing
animals and also due to the high percentage of land (about 40%)
devoted to human activities (Table 6.3). The sampling sites of this
group are mainly located in the lower courses of River Indus (Figures
6.1 to 6.4).
The water of group D, containing very high concentrations of
TABLE 6.2























































































































































































GEOGRAPHICAL AND LAND USE CHARACTERISTICS OF FOUR
WATER QUALITY GROUPS
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nutrients and other solutes but very low concentration of dissolved
oxygen (Table 6.2), can be considered to be extremely polluted.
Locations of the water samples of this group are similiar to those of
the previous one except that they are sited in those areas where the
densities of animal farms and rearing animals, as well as the percen-
tage of the land devoted to human activities, are higher than any of
the previous groups (Table 6.3).•
The water samples of group E and F are polluted by special
and very localised sources. For example, the water of group E, which
is characterized by high pH value and extremely high concentrations
in 11C03, Cl and Na, is polluted by the effluent drained from a dyeing
factory locating near sampling site 48 (Figure 3.1). On the other
hand, the water of group F, characterized low pH value, high conduc-
tivity level and very high concentrations in sulfate and Fe, is
polluted by the acidic effluent discharged from a paper-manufacturing
factory locating near sampling site 23 (Figure 3.1).
It is thus apparent from the above discussion and the infor-
mation contained in Tables 6.2 and 6.3 that the degree of pollution
is closely related to the type of landuse as well as the densities of
population, animal farms and rearing animals. The relationship between
water quality and landuse therefore warrants further investigation
as is done in the latter part in this chapter.
Figures 6.1 to 6.4 show the patterns of the sampling locations
of the different water quality groups in the catchment in the four
seasons during the study period. It can be seen that the upper
course of the catchment and the greater part of the channels of
River Jhelum are classified as group A. Water samples collected in
middle course of the study catchment mainly belong to group B in the
wet season (July and October) but are largely classified as group C
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Figure 6.1 SPATIAL DISTRIBUTION OF THE WATER QUALITY GROUPS IN APRIL 1979
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Figure 6.3 SPATIAL DISTRIBUTION OF THE WATER QUALITY GROUPS IN OCTOBER 1979
Figure 6.4 SPATIAL DISTRIBUTION OF THE WATER QUALITY GROUPS IN JANUARY 1980
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in the dry season (April and January). In the lower course of the
study catchment, a similar phenomenon was also observed, water samples
classified as group C in April, July and October are classified as
group D in January. This indicates that water quality in the middle
and lower courses of the study catchment did change in different
times of the year and the level of pollution was higher in the dry
winter than in the wet summer season. The causes o-f these seasonal
variations have been discussed in Chapter 5.
The above observation is also borne out in Figure 6.5 which
shows the proportion of water samples in each water quality group.
Similar to what has been discussed just above, more water samples are
classified to groups A and B in the wet season and to groups C and
D in the dry season, indicating that more stream segments are polluted in
the dry season than in the wet season. However, there are at least seven
water samples (all collected in the upper courses of the catchment)
which are classified as group A in every month, indicating that the
water in the upper course of the study catchment remains relatively
clean throughout the year. Therefore, it can be concluded that whilst
the upper course remains fairly clean, water in the middle and lower
courses of the study catchment is subjected to different degrees of
pollution throughout the year.
4.3 Longitudinal Variations in Water Quality
As discussed in the previous section, river water is cleaner
in the upper course and more polluted in the lower course, suggesting
that the river water tends to carry more solutes and pollutants in
the lower course than in the upper course. This phenomenon can also
be observed in a number of areas over the World, for example, in
Australia (Bayly Williams, 1973) and in California (Douglas, 1972).
Rodda (1977) has noted that ionic concentration of rivers increases
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Figure 6.5 MONTHLY DISTRIBUTION OF THE NUMBER
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from source to mouth due to the greater thickness of soil and weathered
rocks in the lower parts of river basins. However, in the lower
course of some major river systems, such as the Amazon and Chang Jiang,
solute concentrations are diluted by inflow from lowland tributaries
(Douglas, 1972 and Lo Huang, 1963). Therefore, the factors causing
downstream changes in water quality could be rather complicated,
involving a whole range of factors, such as changes'in lithology, slope,
climate, vegetation and the physical environment (Douglas, 1972).
Within the study catchment, geology and climate can be regarded
as uniform over the catchment (Chapter 2) but vegetation and landuse
do vary from source to mouth as a result of the different degrees of
human impact. As the intensity of human impact increases downstream
in the study catchment, solute concentration is also expected to
increase downstream. This section attempts to examine whether or not
this postulation is true.
The main channel of River Indus is joined by several north
flowing tributaries at various locations in the study catchment
(Figure 2.1). This particular drainage pattern and the absence of
a long main channel has made the study of longitudinal variations of
water quality of the whole River Indus rather difficult. Therefore,
the present analysis is confined only to one tributary, namely the
Beas, and to use it as an example to illustrate the pattern of down-
stream variations in water quality.
Whether or not there is a longitudinal trend for a particular
solute can be revealed by the correlation and regression analyses, in
which concentrations of a particular solute at different points along
the stream channel are related to the distances of these points from
the stream mouth or from a reference point. The correlation coef-
ficient so derived can suggest whether a longitudinal trend in water
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quality exists whereas the regression coefficient would indicate the
rate of increase or decrease downstream. By comparing the regression
coefficients, the rates of increases or decreases of different solutes
downstream can also be contrasted.
The correlation and regression analyses ultilized the data of
the 39 sampling sites located along Tributary Beas. Only dissolved
oxygen, Na, K, Ca, Mg, NH4, HCO3, Cl, P04, SO4, S and Si02 were
considered because they are all expressed in terms of the same unit
(mg Q-1), making a comparison of the regression coefficients of the
various solutes possible. A number of regression equation models
have been tried, including the linear, semi-log and log-log models.
Results based on R2 show that the semi-log model fits the data best.
Results of the regression analysis are shown in Table 6.4 and portrayed
in Figure 6.6
From the correlation coefficients shown in Table 6.4, it can
be seen that with the exception of dissolved oxygen, all other solutes
are negatively and significantly related to distance from the river
mouth. The negative relationship indicates a trend of downstream
increase in solute concentrations, a phenomenon that is probably the
result of the downstream increase in human activities. Dissolved
oxygen is positively and significantly related to distance, indicating
that dissolved oxygen concentration decreases downstream. This may
be due to the downstream increase in the amount of organic matters
which would consume oxygen upon their decomposition.
Another notable feature apparent in Table 6.4 is the generally
higher correlation coefficients in the wet season (July) than in the
dry season (January). The higher correlation coefficients indicate
a closer association between concentration and distance, or in other
words. a more distinctive longitudinal trend of solute variation.
TABLE 6.4 a
REGRESSION EQUATIONS RELATING SOLUTE CONCENTRATIONS
OF TRIBUTARY BEAS WATER SAMPLES TO DISTANCE
(n=39)
MODEL: log Y = a + bX,
where Y = solute concentration in mg and i













































































































































TABLE 6.4 c cont'd
(C) NOVEMBER 1979
CORRELATION SIGNIFICANCEREGRESSION























N.S.- Not significant at 0.05 level
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TABLE 6. 4 d cont'd
(D) JANUARY 1980
SIGNIFICANCECORRELATION























N.S.- Not significant at 0.05 level
Figure 6.6 REGRESSION LINES RELATING SOLUTE CONCENTRATIONS
TO DISTANCE FROM THE RIVER MOUTH - TRIBUTARY BEAS
(n=39)
Only showing regression lines significant at 0.05 level
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The more distinctive trend in summer is probably the result of the
higher water discharge which flushes the pollutants accumulated in
the stream channels. This flushing effect helps to keep the middle
course not as polluted as the lower part. Thus solute concentrations
tend to increase uniformly downstream. The picture in the winter dry
season is however different. Owing to the much smaller water discharge,.
the middle course can be as polluted as the lower one and the down-
stream trend is hence less distinctive.
Comparison of the regression coefficients shown in Table 6.4
indicates that the rates of downstream increase in the concentration
of various solutes in the four seasons are of the following orders:
in April: SO 4 >S >NH 4 >P0 4 >HC0 3 >K >Na >Mg >Cl >Ca >SiO 2
in July: S >NH 4 >PO 4 >S0 4 >HC0 3 >K >Na >Mg >Cl >Ca >SiO 2
in October: S >P0 4 >NH 4 >HC0 3 >K >Na >Mg >C1 >Ca >S0 4 >Si0 2 >and
in January: S >K >NH 4 >HCO 3 >S >Na >Mg >C l >Ca >PO 4 >Si0 2 >S0 4.
It can be seen that S and NH4 consistently show greater rates
of downstream increase in concentrations in all four seasons. These
two solutes are known to be the products of the decomposition of
organic wastes, originated from animal manures and domestic sewage,
in water bodies deficient in oxygen. In the upper course of Basin
Beas, there are very few pig and poultry farms and dwelling houses,
and so, no S and NH4 were detected in the stream water. As the number
of pig and poultry farms and dwelling houses rapidly increases in the
middle and lower courses, the concentrations of these two solutes
also increase tremendously, thus accounting for the large rates of
increase of S and NH4 downstream.
As revealed in Table 6.4 and Figure 6.6, the rates of increase
of the major solutes (HCO3, K, Na, Mg, C1 and Ca) are moderate in
all four seasons. This is because these solutes are derived from
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natural sources (chemical weathering and rainwater) as well as from
anthrogenic sources. The magnitude of difference between the upper
and lower courses is thus not as great as those of S and NH4. Amongst
the solutes, Si02 shows the smallest rate of increase downstream
(Table 6.4 and Figure 6.6) because it is mainly derived from chemical
weathering and the contribution from human activities is negligible.
Unlike other solutes, dissolved oxygen shows a reverse pattern of
decreasing concentration downstream, as reflected by the positive
regression coefficient. It is expected because dissolved oxygen is
a measure of organic pollution.
Therefore, we may conclude that with the exception of dissolved
oxygen, most solutes increase in concentration downstream. The rates
of increase are generally higher in summer than in winter. The rates
of change downstream are also different for different solutes. The
greatest rates of increase downstream are exhibited by those solutes
derived essentially from anthropogenic origins, whereas the smallest
rates are observed for those derived essentially from natural sources.
6.4 Relationship between Water Quality and Landuse
As mentioned in the previous sections of this chapter, there
is an apparent relationship between water quality and the type of
landuse and also that the concentrations of solutes tend to increase
downstream in response to the increase in human activities. Therefore,
there is a need to analyze in greater depth how water quality is
affected by the type and intensity of landuse.
There have been a great number of studies suggesting that
landuse practice can influence water quality (e.g. White, 1976
Taylor et al., 1971 McColl et al., 1975 Burwell et al., 1974).
Generally, the impact of cultivation on water quality is smaller
than that of animal keeping or urban development. The major pollutants
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resulting from cultivation are chemical fertilizers and pesticides,
while those from'animal keeping are animal manures (Lunin, 1971).
These agricultural wastes can increase the content of organic matter
in water, and in turn, raise the concentrations of nutrients, especially
nitrogen and phosphorus, and reduce the dissolved oxygen. The charac-
teristics of the urban runoff are even more complex, as it may contain
heavy metals, suspended solids, as well as organic-and inorganic
nutrients (e.g. Whipple et al., 1978 Cordery, 1977 Angino et al.,
1972 Charkauer, 1975).
In order to ascertain how water quality is affected by the
type and intensity of landuse activities in the study catchment, a
correlation analysis was carried out to relate the solute concentrations
of water samples collected in different parts of the catchment to the
landuse and human activities characteristics of the catchment area
above the sampling point (Table 6.S). Water samples collected in
January (n= 106) are used in the analysis because January is one of
the driest months when the stream is not significantly affected by
water discharge fluctuations so that the effects of landuse and human
activities could be highlighted.
All landuse data used as the predictor variables are expressed
in percentage(%) of the catchment area instead of the absolute area
so that all variables would have a format of expression similar to
that of solute concentration, which is expressed in parts per million.
This would allow the landuse and solute variables directly comparable.
For the same reason, population, animal farm, pig and poultry data
are expressed in terms of density (numbers per square kilometer)
rather than in actual numbers. The mean, range and standard deviation
of water quality and landuse and human activities data of the study
catchment in January are shown in Table 6.6.
TABLE 6.5
VARIABLES USED IN THE STATISTICAL ANALYSIS BETWEEN
SOLUTE CONCENTRATIONS AND LANDUSE PARAMETER!
DEPENDENT VARIABLES
1. pH pH
2. COND - Conductivity ( umho cm
3. DO - Dissolved oxygen concentration (mg £
4 . Na - Sodium concentration (mg £ S
5. K - Potassium concentration (mg £ S
n I
6. Ca - Calcium concentration (mg i )
7. Mg - Magnesium concentration (mg £ S
8. NH . - Ammonium concentration (mg £ S
4 -i
9. Fe - Iron concentration (mg £ )
10. Mn - Manganese concentration (mg £ S
11. Zn - Zinc concentration (mg £ S
12. Cu - Copper concentration (mg £ )
13. HCO - Bicarbonate concentration (mg £ )
-1
14. Cl - Chloride concentration (mg £ )
15. PO - Phosphate concentration (mg £ S
„ -1
16. SO - Sulphate concentration (mg t )
17. S - Sulphide concentration (mg £ S
-I
18. SiO - Silica concentration (mg I )
PREDICTOR VARIABLES
1. VEG - Percentage area of grassland and woodland CM
(based on 1 : 20000 topographic maps)
2. CULT - Percentage area of cultivated land CM
(based on the results of agricultural landuse survey
carried out by the Agricultural and Fishery Department
in 1978)
3. FAL - Percentage area of fallow land CM
(based on the results of agricultural landuse survey
carried out by the Agricultural and Fishery Department
in 1978)
4. BUIL - Percentage area of built-up area CM
(based on 1 : 20000 topographic maps and also the information
provided by the Town Planning Department)
5. RIV - Percentage area of fish ponds and river channels CM
(based on 1 : 20000 topographic maps)
2
6. POPN - Population density (No.Km )
(based on the Census of 1971)
7. FARM - Animal farm density (No.Km )
(based on the results of livestock, population survey carried
out bv the Aaricultural and Fisherv Department in 1979)
8. POUL - Poultry density (No.Km )
(based on the results of livestock population survey carried
out by the Agricultural and Fishery Department in 1979)
2
9. PIG - Pig density (No.Km )
(based on the results of livestock population survey carried
out by the Agricultural and Fishery Department in 1979)
TABLE 6.6
WATER DUALITY AND T,AND USE PARAMETRES- SUMMARY STATISTICS
(n=1061































































































































































































Based on January 1980 data
From the correlation matrix between the water quality para¬
meters (dependent variables) and the landuse and human activities
parameters (predictor variables) shown in Table 6.7, it can be seen
that natural vegetation (VEG) in the only predictor variable that is
significantly related to all solutes (p= 0.05) with the exception of
zinc, suggesting that it is the most significant landuse factor
affecting water quality. The negative relationship •indicates that
the reduction in natural vegetation area is associated with increases
in solute concentrations. This postulation is further supported by the
positive relationships between all other landuse and human activities
parameters and the concentrations of K, Mg, NH., PO. and S. Dissolved
oxygen concentration is significantly related to all predictor
variables. It is also the only solute that exhibits a negative
association with all predictor variables with the exception of VEG,
indicating that the increase in human activities is associated with
the decrease in the dissolved oxygen content. This is the result of
the presence of oxygen consuming pollutants in water. Na and CI show
rather low or even no significant correlations with the predictor
i
variables because they are the major chemical constituents of the
stream water and are probably derived from so many different sources
that they are not related to any particular type of landuse. SO and
most of the heavy metals also exhibit rather low or no significant
correlation with the predictor variables because they are mainly
produced by some specific industrial activities not included in the
analysis. Being different to other heavy metals, Mn is significantly
related to most predictor variables, because its migration in the
hydrosphere is largely controlled by the oxidation-reduction state
of the water body which in turn determines its solubility.
Because of the problem of multi-collinearity among the predictor
TABLE 6. 7
CORRELATION BETWEEN SOLUTE CONCENTRATIONS
AND T.ANn n.qp PARAMFTRF.C
fn=106























































































































Note: only showing correlation coefficients significant at 0.05 level.
Based on January 1980 data.
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variables that is apparent from Table 6.8, a partial correlation
analysis is also performed. Population density is chosen as the
controlling variable since it can be taken as a surrogate for the
amount of domestic sewage discharged per unit area. Another reason
of chosing population density is its rather low correlation with most
other solutes (Table.6.7), thus partly offsetting the problem of
multi-collinearity.
Results of the partial correlation analysis (Table 6.9) show
that with the exception of DO, most of the chemical constituents are
negatively and significantly related to VEG. This is expected because
the greater the percentage area of natural vegetation, the smaller
would be the sources of pollutants and the lower would be the solute
concentrations. It is also evident that built-up area (BUIL) has
rather high partial correlations with solute concentrations. This
may seem difficult to explain, because in some way, population density
is also a measure of built-up area (as reflected in Table 6.8, cor-
relation coefficient between them is 0.72). However, built-up area
may also be used for industrial and commercial purposes which may
produce a substantially higher pollution load. We can see that BUIL
is closely related to the nutrients such as K, NH4 and PO 4-9 but
negatively related to dissolved oxygen, suggesting that industrial
and commercial activities may increase the nutrients and decrease the
dissolved oxygen content in stream water. The effects of the other
three predictor variables (animal farm density (FARM), poultry density
(POUL) and pig density (PIG)) on water quality are quite similar.
They are all negatively related to dissolved oxygen and have positive
but only moderate association with the nutrients (K, NH4 and PO4).
With regard to the effects of these three agricultural parameters on
water quality, it is apparent that poultry density has a greater
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TABLE 6. 8














PARTIAL CORRELATION MATRIX OF SOLUTE CONCENTRATIONS*

























Note: only showing correlation coefficients significant at 0.05 level.
* Based on January 1980 data.
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effect as reflected by its higher correlation coefficients. Similar
to the effects of the BUIL and the three animal keeping parameters
(FARM, POUL and PIG), the percentage area of cultivated land (CULT)
is significantly and positively related to concentrations of nutrients
but is negatively related to the dissolved oxygen content.
Therefore, we may conclude that if population density is kept
constant, cultivated land, built-up area and animal keeping parameters
all have the effect of increasing the pollution loads. However, the
partial correlation coefficients (Table 6.9) also reveal that the
magnitude of the effect is different for different predictor variable,
according to the following order:
BUIL POUL CULT PIG FARM.
In other words, the effect of built-up area on water quality is greater
than the effect of agricultural activities.
6.5 Conclusion
Water quality in the study catchment shows a distinct spatial
pattern. The upper course is clean throughout the whole year, the
middle couse is slightly polluted in the wet season but grossly
polluted in the dry season, and the lower course is grossly polluted
throughout the study period. With the exception of dissolved oxygen,
most solutes exhibit a longitudinal trend of increasing concentration
downstream. Amongst the solutes, the nutrients exhibit a greater
rate of downstream increase than the others. Water quality in the
study catchment is affected by the type and intensity of human
activities and results of a correlation analysis indicate that any
decrease in the natural vegetation cover, or increase in the agri-
cultural, residential, commercial and industrial activities, is
associated with increase in nutrients and decrease in dissolved
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oxygen in water. The analysis also suggests that the effects of






The main objectives of this thesis has been to analyse the
water quality of River Indus to study its temporal and spatial varia-
tions and to examine the causes for such variations. It is hoped
that findings of this study could have relevance for the control of
stream pollution in the New Territories. This chapter has, therefore,
two major emphases. The first summarises the major findings, and the
second examines the significance of these findings in stream pollution
control in the New Territories.
7.2 Summary of Findings
To study temporal and spatial variations in river water quality,
river water were sampled monthly at various locations in the catchment
for 12 months from April 1979 to March 1980.
The catchment is used for various types of land use, including
natural woodland and grassland, cultivated land, pig and poultry farms,
fish ponds and human settlements.
The catchment is largely underlain by a fine volcanic welded
tuff, which weathers to form krasnosem with kaolinite as the dominant
weathered product. Under the warm and humid climate in Hong Kong,
alkali and alkaline metals as well as silica are leached out from the
weathered rocks, and are in turn being carried away by river water.
Rainfall during the study period was 2081 mm, slightly less
than the long term average and exhibited the typical Hong Kong rainfall
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regime with a summer maximum and a winter minimum. River runoff during
the study period varied according to the rainfall pattern, with frequent
flood peaks in the wet summer season followed by prolonged periods of
low flow in the dry season. Low pressure troughs and tropical cyclones
were the major causes for the high intensity rain storms and the river
floods in summer.
River water in the catchment is slightly acidic with Na as the
dominant cation and HCO3 as the dominant anion. The dominance of Na
and HCO3 is typical of south-east China. In the headwater streams,
river water was alsmost fully saturated with dissolved oxygen and was
rich in Na, Ca, HCO3, Cl and SiO 2 which were mainly derived from the
weathering of rocks and partly from rain water. River water in the
lowland streams was grossly polluted by alkali (Na, K) and al'caline
(Ca. Pg) metals, plant nutrients (NH4, PO4), bicarbonate and chloride.
Comparison of the water quality data of the study catchment in
1973 with that of 1980 indicates that significant deterioration has
taken place during the seven-year intervening period. Of particular
concern is the significant increase in NH4-N which is a clear indication
of the increase in faecal pollution.
During the study period, temporal variations in solute concen-
trations were smaller in the headwater station than in the lowland
station, especially with reference to conductivity, major cations
(Na, K), major anions (HCO3, Cl) and nutrients (NH4, PO4). In the
headwater station, the small magnitude of temporal variation was
probably due to the fact that the dilution of solutes by rainstorm
runoff was compensated, to some extent, by the flushing of solutes from
the soil minerals during the rainstorm. In contrast, the greater
magnitude of temporal variation in the lowland station was found to
be related to the fluctuation of river discharge throughout the year.
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In the dry season, solute concentrations are higher because the wastes
accumulated in the river channel often exceed the natural dispersal.
capacity of the stream whilst in the wet season, the repeated flushing
of the river channels by the floods results in relatively lower solute
concentrations.
To examine the factors affecting temporal variation in solute
concentrations, a regression analysis was carried out using river
discharge and the antecedent precipitation index (API) as the indepen-
dent variables. Results indicate that the concentrations of most of
the cations and anions exhibit inverse relationships with increasing
rainfall and discharge. In contrast, concentrations of dissolved
oxygen and NO3 are positively related to river discharge and API.
During rainstorm periods, the increase in dissolved oxygen is caused
by aeration whilst the increase in NO3 concentration is probably due
to the flushing of NO3 from agricultural and domestic wastes accumulated
in the river channel.
Spatial variations in water quality were examined through a
classification of the water samples. A cluster analysis was used in
conjunction with the discriminant analysis to divide a total of 662
water samples into six water quality groups. A rather clear spatial
pattern emerged from the grouping so derived. The upper course of
the Indus Basin was found to be clean throughout the whole year the
middle course was slightly polluted in the wet season but grossly
polluted in the dry season whilst the lower course was consistently
grossly polluted throughout the study period. Since the climate and
the bed rock are fairly uniform throughout the catchment, the above
spatial variations in water quality might be due to the variations in
land use in the study catchment.
Tributary Beas ws chosen as a case to illustrate variations
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in solute concentrations along the river profile. Results of the
regression analysis showed that most of the solutes increased in the
downstream direction. Amongst the various solutes, NH4 and S exhibited
greater rates of downstream increase, particularly in the wet season,
than the other solutes. For the major solutes such as Na, K, Ca, Mg,
HCO3 and Cl, the rates of downstream increase in solute concentration
were only moderate. The concentration of Si02 remained fairly constant
along the river channel and for dissolved oxygen, a reverse trend was
observed. The pattern of increasing solute concentration downstream is
probably the result of the increasing degree of human impact downstream.
To relate solute concentrations to the type and intensity of
land use, simple and partial correlation analyses were carried out,
the results of which indicate that decrease in natural vegetation
cover or increase in agricultural, residential, commercial and indus-
trial activities could lead to increase in nutrients and decrease in
dissolved oxygen in the river water. The effects of different human
activities on water pollution loads are of the following sequence:
BULL > POUL > CULT > PIG FARM; indicating that industrial and
commercial activities have greater effect on water pollution than
agricultural activities.
7.3 Discussion of the Findings
As mentioned above, water quality of the River Indus has
significantly deterioration over the period from 1973 to 1980. It
can be regarded as the result of the increased human activities in
the catchment during these seven years. In the present study, it has
also been demonstrated that the level of river water pollution in
the catchment is related to the intensity of domestic, agricultural,
commercial and industrial activities. In fact, pig and poultry
manures, industrial effluents as well as domestic sewage are directly
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discharged without treatment into the river channels. During the wet
season, these wastes can be flushed and diluted by storm runoff.
However, in the dry season, these wastes, especially the agricultural
wastes, may settle in the stream courses to form putrefying and obno-
xious banks which further facilitate the accumulation of other solids
and aggravate the situation even more (Environmental Resources Limited,
1977).
Results of this as well as other previous studies show that
pollution of River Indus has already reached a critical and appalling
level and would have various undersirable effects. Firstly, the
amount of fresh water abstracted from the river has been significantly
reduced as a result of pollution. Previously, more than 5% of the
total fresh water supply in Hong Kong was contributed by the River.
Indus (Table 1.1). However, in the last seventies, the amount of
water abstracted from the river has dropped drastically (Table 1.1)
and is now contributing not more than 0.1% of the total water supply.
As a result, Hong Kong has to rely on other costly alternatives to
obtain fresh water resources. Secondly, the pathogenic organisms and
potentially toxic substances, which are present in the streams, can
constitute a possible risk to public health (Hodgkiss, 1981).
Although the stream water is unlikely to be consumed because of its
appearance and smell, it is still used for irrigation and thus poses
a threat of infection by contamination of foodstuffs. Thirdly, the
amenity value of the river is affected by its unsightiness and smell.
Because of the need to develop the New Territories to cope
with the rising population of Hong Kong, more agricultural and housing
development is anticipated to take place in the study catchment, and
a further deterioration of the river water quality is thus envisaged.
It is therefore a matter of greater urgency that measures of water
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pollution control be introduced immediately.
The Government has already taken some steps to combat river pol
lution. Some of the obnoxious industries have been removed. For examp
tanneries, once located in the Tributary Sultej of the study catchment,
were forced to leave, resulting in a reduction in the content of heavy
metals and acids in the river water. This was however offset by the
moving in of other polluting industries (e.g. dyeing works and food
processing factories) and the rapid development of pig and poultry
farms. Thus, the water quality of River Indus is still as grossly
polluted as it used to be.
Secondly, clearance operations have been undertaken by the
New Territories Services Department from time to time. Three large-
scale cleaning operations have been carried in the Indus River Basin,
including Tributary Sutlej in 1976, the main channel in 1977 and
Tributary Beas in 1978 (New Territories Services Department, 1980).
These three clearance operations costed over $284,000 in total.
However, as farmers still continue to discharge their wastes into the
rivers, these efforts have had no lasting effect.
Thirdly, the Agricultural and Fishery Department has initiated
a number of researches and has'.also set up pilot projects to investi-
gate the appropriate measures for managing, treating and disposing
agricultural wastes. The options being investigated include (a)
resiting of pig farms to acceptable locations (b) increasing size
of farm units in order to make waste treatment economically viable;
(c) modification of existing pigsties to prevent liquids from directly
entering streams and solids from pig farms be collected and diposed
by a collection agency; (d) provision of storage facilities for manure
and (e) collection of manures for recycling and disposal (Agricultural
and Fishery Department, 1980). However, until now, all proposals are
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still being closely studied and no decision has yet been made.
Fourthly, plans have been made to install treatment devices
as a way to combat water pollution. At the moment, there is only a
pilot sewage treatment plant located at the lower course of the study
catchment (Figure 1.1). However, it is only a rather small plant
offering only partial treatment. The pollution load of the river
water is therefore still high.
Finally, consultants were engaged to make recommendations to
the Government concerning the controls required for the protection
of the Hong Kong Environment. Based on their reports (Environmental
Resources Limited, 1975, 1977) the Environmental Protection-Unit was
established in 1977. And also recently, a Water Pollution Control
Bill has been passed (Hong Kong Government, 1980). However, as Lam
(1980) asserted that, there is good reason not be optimistic because
the Bill merely provides a broad framework within which the Governor
can direct the Secretary for the Environment to carry out functions
and duties laid down in the Bill. At the moment, the water quality
objectives have not yet been specified for all water bodies in Hong
Kong. When they are formulated, they still have to be sent to the
Legislative Council for review, debate, and also, if necessary, for
modification. Hence, it may take several more years before the Bill
has teeth. Since water quality deterioration can take place fairly
rapidly, it is very likely that water pollution will get considerably
worse before the Bill takes its effect.
What then is the future of River Indus? It has already been
mentioned that the pollution of the river has already reached critical
conditions and the Government has also taken certain steps to control
the situation. Unfortunately, the Government's present approach to
stream pollution control is based essentially on the philosophy of
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"disposal" - of the transfer of wastes away from their place of
generation, or the transformation of the wastes by means of treatment.
This strategy is, at best, only a transfer and transformation of the
problem. It is not only labour but also cost intensive. Worst of all,
this technocratic approach of getting rid of wastes lacks a true
management perspective.
In fact, the environmental problems inthe River Indus really
demand foundamental changes in the attitude and behaviour of those
people, particularly the pig farmers and industrialists, who use the
river for water abstraction and for waste disposal. Such changes
cannot be brought about by the establishment of pollution control
legislations alone. Legislations can only make people learn that
they have to adjust, but to change socical habits by legislations is
a difficult task.
This does not mean that technological aspects of wastes
disposal are not important, but rather equally important aspects tend
to have been neglected in the past. Indeed, the major factors giving
rise to environmental pollution in the study area have been the lack
of a comprehensive development strategy and the failure to incorporate
waste management and pollutiorr control in development planning, and
to inject into the industrial and agricultural policies the elements
necessary for maintaining environmental balance. It is no pretence
that environmental management is a quick and easy business. There
may be no single optimum solution there must always be gainers and
losers, and ultimately, decisions have to be made in the political
arena. Therefore, policy makers need to know the uses of, and values
attached to, the river by the local residents the costs and effec-
tiveness of the control measures and the reactions to, and adjustments
of, the polluters to these measures. It has not been the aim of this
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thesis to deal with these questions, but it is essential that they
are thoroughly investigated in future studies. They are those issues
that are easy to be overlooked but too important to be ignored.
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